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Abstract:
The ability to accurately model space background is a crucial requirement for
significant progress in the field of observational nuclear gamma-ray astronomy. An
Advanced Compton Telescope (ACT) is being investigated to address the promising
science offered in this spectral band. A key element of this investigation is the
development of a general set of tools to simulate the background environment for a
range of low Earth orbits, and model how this background will propagate through a
given instrument design. Results calculated with this tool system will be used to
predict science capabilities for ACT instrument concepts, and will also be applicable
to other future gamma-ray instruments. We will report on the progress in developing
this capability, and preliminary results on its application to ACT instrument concepts.
ACT is being studied, and this simulations package is being integrated through, the
NASA Vision Mission concept study.

 Background Simulations of Advanced Compton Telescopes
for Nuclear Gamma-ray Astronomy

Neutron background:

Discussion
We have constructed a tool that will allow a user to start with the orbital parameters of their instrument and predict the background
environment and the instrument response for their detector.  We have used demonstrated that this modeling technique can be used to
predict instrument response and characterize background created by decay of activated components.

We applied this analysis tool to a preliminary design for a generic ACT model.  The preliminary results of this analysis give us a starting
estimate of the background rates in our energy range of interest for nuclear astrophysics.  These results are being used to determine
optimal detector size and configurations for ACT instrument development.

The results shown above illustrate that we have succeeded in producing a working system that is capable of simulating the complex,
multi-component LEO gamma-ray background environment.  However, it should be stressed that these results are extremely
preliminary as we have not yet completed the simulation of all background components (the three above).  More importantly, we have
not begun to explore the many possible data selections that are expected to greatly reduce the background.  Only the most minimal
data selections have been applied.  For example, the largest background rates in the plot are from Earth albedo gamma rays, yet we
believe that this component can be drastically reduced through optimized data selections such as rejecting photons whose directions
are likely to originate near the Earth's limb.
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Orbital Parameters

Flight Dates

Detector Geometry

Simulated Background for 
given instrument

BIG BLACK BOX

What we developed:

Rigidity, CR’s and albedo p+

 calculated by CREME96

IDL program to read 
CREME output and 

calculate other components

e+ e-

component
neutron

component
Albedo γ

component
Diffuse γ

component

MGGPOD Monte Carlo 
Simulation Routine and

 scripts to combine 
background

Simulated 
Background environment 

for a given instrument

Components of the space background:

Estimated Hadronic Cosmic Ray Components

Output from CREME96 (https://creme96.nrl.navy.mil/) for our assumed ACT orbit

Unmod=0.667*E^-3.33

references; 
J. Alcaraz et al. 2000, Phys. Let. B 484, 10
Boezio et al. 200, ApJ 532, 653
Golden et al. 1994, ApJ 436, 769

Trapped protons:

Photon background:

• The diffuse background has been
measured by several experiments
and can be described by three
powerlaws:
– F(E) = 570.8 E-1.86 [s-m2-sr-

MeV]-1   30 keV < E < 50 keV
– F(E) = 40.0 E-2.75 [s-m2-sr-

MeV]-1   50 keV < E < 1 MeV
– F(E) = 40.0 E-2.15 [s-m2-sr-

MeV]-1   1 MeV < E < 100 GeV
• Flux is independent of orbit

See ie. Sreekumar et al. 1998 for more information

These are albedo (backsplashed)
protons that get trapped in the
Earth’s magnetic field

Trapped electrons and ions are
neglected for now

This radiation is incident isotropic
on the space vehicle

Output from CREME96 
for our assumed ACT orbit

• Produced by bremmstrahlung of e± in
upper atmosphere.

• Measured by several satellite and
balloon instruments

Inputs:

Preliminary calculations assume:
•Circular orbit
• 500 km altitude
• 5o inclination
• Averaged over 10 orbits

• Position of satellite
– Geomagnetic cutoff
– Albedo and backsplash from Earth

• Solar Activity
– Predict with solar modulation theory
– Can collect reference data and model with analytical functions

• Time In Orbit (Time since SAA also)
• Not affected

– Diffuse background

Things that affect the Satellite Background

Starting with the web based interface to CREME96 we get
the orbit averaged rigidity, cosmic proton, and trapped
proton spectra incident on the satellite.

These inputs are used by an IDL program which then
calculates the lepton background spectra, the neutron
background spectra, the albedo photon spectra, and the
diffuse photon spectra by applying rigidity modulation to
analytic models based on published satellite and balloon
measurements.  For more details see Mizuno et. al 2004
(astro-ph/0406684 ).

The IDL outputs give the energy spectrum and the angular
distribution for each background component in a format that
is easily read in to MGGPOD (Weidenspointner 2004 astro-
ph/0408399)

MGGPOD then using Monte Carlo techniques based on
GEANT 3 to propagate the incident radiation through the
satellite and into the ACT detector.

Unmodulated Spectrum Solar Effects Geomagnetic effects

For more information consult Mizuno 2004

• The hadronic component of the CR background is calculated by
CREME96 using the AP8 model, after convolving with the orbit
averaged value for the geomagnetic cutoff rigidity

• The leptonic component is calculated in our IDL routine starting with a
power law spectrum measured by AMS and BESS, and then
modulated with the rigidity calculated by CREME96.  For reference, the
formula for the cosmic protons is given, the leptons vary by constants.

• R: Rigidity of particle: R (in GV) = (A/Q) (E2 + 2M0E)1/2; A –
nucleons, Q – Charge, M0 - amu in GeV/c2

• E: Particle energy

• e: unit charge

• Φ: parameter that is dependent on the solar activity, around 550
and 1100 MV for min and max

• M: Mass of particle

• Rc: geomagnetic rigidity based on orbit position

Model geometry
generator

MEGALIB event
reconstruction program

Reconstructed 
background response

MGGPOD part 2 –
simulates delayed
decay of activated

material in the
instrument

• Neutron background measured with COMPTEL
– Solar modulation effects measured
– Geomagnetic cutoff parameterized for COMPTEL orbit
– Zenith angle varied during measurements 0—180o

• What COMPTEL found:
– Neutron Flux as a function of zenith angle, cutoff rigidity, and neutron

energy.
– Parameterized ~10 – 100 MeV neutron energy

• Fits to balloon data were used to find spectra that agreed with the
COMPTEL hardness ratio and count rate

• Solar modulation effects parameterized by on ground monitoring

Simulation results:

See Morris et. Al. Journal of GeoPhys. Res. July 1995


